
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2011/0058474 A1 

US 2011 0058474A1 

NAGAPUD et al. (43) Pub. Date: Mar. 10, 2011 

(54) CONGESTION-ADAPTIVE COMPRESSION Publication Classification 
51) Int. C. 

(75) Inventors: VENKATESH NAGAPUDI, (51) H04L 2/56 (2006.01) 
MILPITAS, CA (US); VIKRAM 
BICHAL, BANGALORE (IN); (52) U.S. Cl. ........................................................ 370/235 
SATISH PRABHAKAR SATHE, (57) ABSTRACT 
SAN RAMON, CA (US) 

A network device is adaptively configured to compress an 
output data stream, responsive to congestion in the network. 

(73) Assignee: sCATIONS The network device receives indications of network conges 
SYSTEMS, INC. SAN JOSE CA tion from another network device. Upon receipt of a conges 
(US) 9 es s tion indication, the network device can adapt the compression 

technique to attempt to achieve more or less compression, 
epending On Whether the COngeSt1On 1nd1Cat1On 1nd1Cates depending hether th gestion indication indi 

(21) Appl. No.: 12/554,491 more or less congestion. By adapting the compression to the 
level of network congestion, end-to-end latency of the net 

(22) Filed: Sep. 4, 2009 work can potentially be decreased. 

PCIE CORE 
O 

CORE LOGIC 
20 

OG/G SERDES 
ISO 

1. OO 

G/00/0 MAC 
40 

  



Patent Application Publication Mar. 10, 2011 Sheet 1 of 17 US 2011/00584.74 A1 

PCIE CORE 
O 

CORE LOGIC 
20 

G/OO/O MAC 
40 

1. OO 

OG/G SERDES 
ISO 

  

  



Patent Application Publication Mar. 10, 2011 Sheet 2 of 17 US 2011/00584.74 A1 

CUT THRU OPERATION, NO CONGESTION 
200 O = COMPRESSION INPUT 

O GOG)GOG) 1. = SOURCE 
--O- 2 FINGRESS SWITCH 
--O- 3 = CROSSBAR SWITCH 

4 = EGRESS SWITCH 
5 = DESTINATION 

1. O 6 E DECOMPRESSION OUTPUT 
CUT THRU OPERATION, COMPRESSION 

O O (DG)GOG) 
-Od 

-D 
--D 

- 

220 
STORE & FORWARD, CONGESTED OPERATION, NO COMPRESSION 1. 

O () G) GO (S) 
-O- 

-O- 
-O- 

-D 

230 
STORE & FORWARD, CONGESTED OPERATION, COMPRESSION 1. 

O O () () (D 
-D 

-D 
-D 

-O- 
-- 

A/G 2 

(PRIOR ARJ) 



Patent Application Publication Mar. 10, 2011 Sheet 3 of 17 US 2011/00584.74 A1 

?a 
R 
C 

NETWORKSWITCH 

1. 300 

00 

60 

NETWORKSWITCH 
30 

Af0 

  



Patent Application Publication Mar. 10, 2011 Sheet 4 of 17 US 2011/00584.74 A1 

- 500 
505 

IST BYTE TRANSMITTED 2ND BYTE TRANSMITTED 

Vivo C E 
N-y— 

UNCOMPRESSED DATA SIZE (I-4KB) 

/* 
OOOOO 

FIG 

  



Patent Application Publication Mar. 10, 2011 Sheet 5 of 17 US 2011/00584.74 A1 

60) 605 

IST BYTE TRANSMITTED / 2ND BYTE TRANSMITTED 
/ 

- Y 

6) LITERAL SIZE (I-2KB); O = | BYTE: I = 2 BYTES. 

AIG 6 

  



Patent Application Publication Mar. 10, 2011 Sheet 6 of 17 US 2011/00584.74 A1 

70 - 700 
A. 702 704 

MATCH DISTANCE(BYTES): W MATCH LENGTH (BYTES): 
O= BYTES, I = ). BYTES, ... O = 3 BYTES, I = 4 BYTES 

7|| 7) 74 
- IST BITE TRANSMITED 2ND BYTE TRANSMITTED / 

— - 
MATCH DISTANCE(BYTES). MATCH LENGTH (BYTES): 
O= | BYTES, I = 2 BYTES, ... O = 3 BYTES, I = 4 BYTES, ... 

- 720 
72 724 

IST BYTE TRANSMITTED ND BYTE TRANSMITTED 3RD BYTE TRANSMITTED 
OOO 

& 
Y- - - - y - Y ^ 

7) MATCH DISTANCE (BYTES): MATCH LENGTH (BYTES): 
O= BYTES, I = ). BYTES, ... O = 3 BYTES, I = 4 BYTES, ... 

Af6 7 

  



US 2011/00584.74 A1 Mar. 10, 2011 Sheet 7 of 17 Patent Application Publication 

  

  



US 2011/00584.74 A1 Mar. 10, 2011 Sheet 8 of 17 Patent Application Publication 

088 

?98 WWW 

  



US 2011/00584.74 A1 Mar. 10, 2011 Sheet 9 of 17 Patent Application Publication 

  



US 2011/00584.74 A1 Mar. 10, 2011 Sheet 10 of 17 Patent Application Publication 

_^... • ~, 

| I HIQ || 9 ||I/Q || 5 HIQ > ?(~~~ 
  

  



US 2011/00584.74 A1 Mar. 10, 2011 Sheet 11 of 17 Patent Application Publication 

Z/ 3)// 

--><!-- --><!-- ? (IN[10] HDIWW 

# []N(10] HOIWW --><!-- 
  



US 2011/00584.74 A1 Mar. 10, 2011 Sheet 12 of 17 Patent Application Publication 

| WHW ( WHW 

| HSWH 

XXX XXXIX 





Patent Application Publication Mar. 10, 2011 Sheet 14 of 17 US 2011/00584.74 A1 

5. 

s 

N 
SS 
S 

s 
S 

s 

s   



US 2011/00584.74 A1 Mar. 10, 2011 Sheet 15 of 17 Patent Application Publication 

r – – – – 

  



US 2011/00584.74 A1 Mar. 10, 2011 Sheet 16 of 17 Patent Application Publication 

[0;\](IITWATSHINGITWH WIW0 []:[]NTQITWMTSHING 

|(107d0HTWIW0 

NIT?OHTWIWQ N?dOSTWIWO 

00||_^ 
  



Patent Application Publication Mar. 10, 2011 Sheet 17 of 17 US 2011/00584.74 A1 

ss 

se 
se 
AA 
O 
AA 
se 

A. 

  



US 2011/0058474 A1 

CONGESTON-ADAPTIVE COMPRESSION 

TECHNICAL FIELD 

0001. The present invention relates to the field of network 
ing, and in particular to data compression techniques in a 
possibly congested network. 

BACKGROUND ART 

0002 Compressing packet data can result in less conges 
tion in a network, especially in oversubscribed situations. 
Congestion is reduced because a compressed packet takes 
less time on the wire and takes less buffer space to store. On 
a typical Switch configuration of 24 slower speed links 
trunked onto an oversubscribed pair of higher speed ports, 
even a 20% compression can make the Switch an entirely 
non-blocking Switch. Compression can result in lower end 
to-end latency in congested networks, but may increase 
latency in other situations, such as uncongested networks. 

SUMMARY OF INVENTION 

0003. The described techniques allow a network device to 
compress an output data stream adaptively based on indica 
tions of network congestion. These indications can include 
simple pause notifications or more complex congestion noti 
fications that indicate a quantized level of congestion, allow 
ing finer control over the compression of data by the network 
device. 

0004. In embodiments where the indications are simple 
pause flow control messages, the compression can be enabled 
upon receipt of the pause message and disabled when the flow 
control mechanism allows data to begin to flow across the 
network. 
0005. In embodiments where quantized levels of compres 
sion are indicated in congestion messages, when the conges 
tion level increases, the congestion technique can be adapted 
to increase compression. When the congestion level 
decreases, the congestion technique can be adapted to 
decrease compression, or even disable compression alto 
gether. The adaptive compression technique can thus achieve 
a lower end-to-end latency across the network. 
0006. The compression technique according to one 
embodiment matches Strings in a data stream against previ 
ously seen strings of data, and replaces matched Strings with 
a code word that is shorter than the matched string. A hash 
table memory is used for the matching process, and in some 
embodiments, a history table buffer is also provided for deter 
mining the length of the matched String. 
0007. The compression engine can respond to an indica 
tion of a quantized level of congestion by adapting the com 
pression engine to alter one or more of the size of the string 
being matched, the hash table memory, and the history buffer, 
as well as altering the number of repetitions of compression. 
In addition, the compression engine can selectively perform 
an entropy encoding of the compressed data, resulting in 
further compression. All of these adaptations can be per 
formed responsive to a quantized level of congestion, in order 
to vary the compression ratio, increasing the compression 
when congestion increases and decreasing the compression 
when congestion decreases. 
0008. At the receiving network device, the decompression 
technique can generally decompress the compressed data 
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stream at line speed, independent of the adaptations of the 
compression technique performed by the compression 
engine. 

BRIEF DESCRIPTION OF DRAWINGS 

0009. The accompanying drawings, which are incorpo 
rated in and constitute a part of this specification, illustrate an 
implementation of apparatus and methods consistent with the 
present invention and, together with the detailed description, 
serve to explain advantages and principles consistent with the 
invention. In the drawings, 
0010 FIG. 1 is a high-level block diagram of a network 
Switch according to one embodiment; 
0011 FIG. 2 is a diagram illustrating different effects of 
compression on end-to-end latency in a network; 
0012 FIG. 3 is a block diagram illustrating a simple net 
work according to one embodiment; 
(0013 (FIG. 4 is omitted.) 
0014 FIG. 5 is an illustration of a start of segment code 
word and an end of segment code word according to one 
embodiment; 
0015 FIG. 6 is an Illustration of Two Formats of a Literal 
Control Word according to one embodiment; 
0016 FIG. 7 is an illustration of three formats of a match 
code word according to one embodiment; 
0017 FIG. 8 is a block diagram illustrating logic blocks of 
a compression engine according to one embodiment; 
0018 FIG.9 is a block diagram illustrating logic blocks of 
a compression engine according to another embodiment; 
0019 FIG. 10 is a timing chart illustrating relative timing 
of compression events according to the embodiments of 
FIGS. 8 and 9: 
0020 FIG. 11 is a block diagram illustrating a technique 
for hashing uncompressed data according to one embodi 
ment; 
0021 FIG. 12 is a block diagram illustrating matching 
hash values according to one embodiment; 
0022 FIG. 13 is a block diagram illustrating a technique 
for creating hash table entries according to one embodiment; 
0023 FIG. 14 is a block diagram illustrating a hashing 
function according to one embodiment; 
0024 FIG. 15 is a block diagram illustrating logic blocks 
of a decompression engine logic according to one embodi 
ment; 
0025 FIG. 16 is a block diagram illustrating logic blocks 
of a decompression engine logic according to another 
embodiment; 
0026 FIG. 17 is a block diagram illustrating a decompres 
sion logic according to the embodiments of FIGS. 15 and 16; 
and 
0027 FIG. 18 is a state diagram for a state machine for 
decompression according to the embodiments of FIGS. 15 
and 16. 

DESCRIPTION OF EMBODIMENTS 

0028. The following is described in terms of an network 
switch in an Ethernet network, but the present invention is not 
limited to Ethernet networks and can be embodied in any type 
of networking apparatus in which data is transmitted between 
a source and a destination across a network infrastructure, 
whether through wired or wireless communications tech 
niques, and using any desired communications protocol that 
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allows for the delivery of self-contained bundles of informa 
tion, whether identified as packets, frames, or any other 
nomenclature. 
0029 FIG. 1 is a high-level block diagram illustrating 
major blocks of one embodiment of a network switch 100. 
The network switch 100 can be a Fibre Channel over Ethernet 
switch or any other type of network switch. The network 
switch 100 is implemented as a PCIe card and contains a PCIe 
core 110 for handling the PCIe protocol interaction between 
the network switch 100 and a host 105 in a system in which 
the network switch 100 is installed. A Core Logic 120, typi 
cally implemented as an application specific integrated cir 
cuit (ASIC), handles the processing logic for the network 
switch 100. In the embodiment illustrated in FIG. 1, the 
network switch 100 is capable of connecting to an Ethernet 
link 160 that can range in speed from 10 Mbps to 10 Gbps. A 
10Gbps link 160 is handled by a 10G Media Access Control 
(MAC) logic 130, while lower speeds are handled by a 1 
G/100/10 MAC logic 140. Regardless of the speed of the link 
160, serialization and deserialization of data across the link 
160 is handled by a 10 G/1 G serializer/deserializer (SER 
DES) logic 150. In some embodiments, the network switch 
100 can handle multiple Ethernet links, and multiple MAC 
and SERDES logics can be used for that purpose. The high 
level structure illustrated in FIG. 1 is illustrative and by way 
of example only, and other high-level structures and collec 
tions of logic blocks can be used as desired. 
0030. The core logic 120 of the network switch 100 is 
capable of compressing and decompressing data streams that 
are transmitted or received through the network switch 100 
across the link 160, using a compression/decompression 
technique that is Suitable for on the fly compression/decom 
pression of data packets being transmitted or received across 
the link 160. 
0031. The compression technique used by the core logic 
120 buffers a packet until the compressed data is at least half 
as much as the entire packet length in order to insure no under 
runs when transmitting the packet. By delaying the packet for 
this amount, the compression algorithm guarantees that it has 
less than half of the uncompressed data left to process. If the 
core logic 120 can process data at wire speed, no under run 
can occur from this point onwards, even if the uncompressed 
data results in a single byte of compressed data. If the data is 
not compressible, then the compression delay is half the time 
taken to transmit the packet. For example, if it takes 1 us to 
transmit a packet, then the delay for an uncompressible 
packet would be 500 ns. If the data is compressible, then the 
delay can be longer, with a worst-case delay of 1 us, assuming 
the algorithm can operate at wire speed. 
0032 FIG. 2 illustrates some scenarios where compres 
sion can either decrease or increase latency. If the network, 
for purposes of this example comprised of a source 1, an 
ingress Switch 2, a crossbar Switch 3, an egress Switch 4, and 
a destination 5, is uncongested and the Switches operate in a 
cutthru mode, as in scenario 200, then compression can result 
in an increased end-to-end latency, as illustrated in Scenario 
210. However, if the network is congested and the switches 
operate in store and forward mode, as in scenario 220, then 
the end-to-end latency can actually decrease because the 
compressed packet takes less time on the wire and hence gets 
to the destination faster, as illustrated in scenario 230. 
0033. In conventional network switches, compression is 
not related to network congestion. In one embodiment 
described below, the network switch 100 can determine that a 
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network is uncongested and disable compression or that a 
network is congested and enable compression. In another 
embodiment described below, the network switch 100 can 
adjust compression techniques based on quantized network 
congestion information. The compression technique used is 
Such that the receiving Switch can decompress at wire speed, 
regardless of the amount of compression achieved by the 
transmitting Switch. 
0034 FIG. 3 illustrates a simple example network 300 
with the network switch 100 of FIG. 1 connected to another 
network switch 310. For purposes of the discussion below, 
switch 100 is connected to the source of a stream of packets or 
frames of information, and switch 310 is connected to the 
destination of the stream. Although an actual network typi 
cally contains numerous other nodes, for clarity of this 
example, only the two network switches 100 and 310 are 
shown in FIG. 3. In addition, although illustrated as directly 
connected by link 160 for simplicity of the drawing, the 
network switches 100 and 310 can be network connected with 
intermediary nodes. 
0035. In one embodiment, network switches 100 and 310 
communicate using a flow control technique. Such as found in 
IEEE 802.1Qbb, “Priority-based Flow Control,” which is 
incorporated by reference herein in its entirety for all pur 
poses, which allows network switch 310 to signal network 
switch 100 to pause the transmission of data across the link 
160 to network switch 310. The specific pause signaling 
technique employed is illustrative and by way of example 
only, and any convenient technique for one network Switch to 
signal another network Switch to pause transmission can be 
used. In this embodiment, the network switch 100 can enable 
or disable compression based on the receipt of pause signals. 
When a pause signal is received, the network switch 100 can 
enable compression so that when it is allowed to restart trans 
mitting, it can transmit the compressed the data stream, at 
which time it can disable compression if desired. 
0036. In another embodiment, network switches 100 and 
310 communicate using a technique for sending congestion 
notifications, such as found in IEEE 802.1Qau. “Ouantized 
Congestion Notifications” (QCN), which is incorporated by 
reference herein in its entirety for all purposes. QCN allows a 
receiving network switch 310 to provide feedback in the form 
of a congestion message to a transmitting network Switch 100 
regarding congestion in the network 300. As with the trans 
mission pausing flow control technique described above, the 
QCN technique allows the network switch 100 to attempt to 
reduce congestion by reducing the flow rate. 
0037. The QCN technique allows the receiving network 
switch 310 to indicate quantized network congestion levels in 
a message of a pre-defined format sent through the network 
300 to the transmitting network switch 100. The transmitting 
network switch 100 typically responds by reducing (or 
increasing) the data flow rate based on the contents of the 
message. The format of the message used for the congestion 
notification is not significant for the purposes of this disclo 
sure and is therefore not set out in detail herein. 

0038. The congestion level information is described 
herein as quantized, because a large range of congestion 
values is approximated by a relative small set of values. The 
concept of quantization is well known in the art and is not 
discussed further herein. The specific quantized values for the 
levels of congestion are not significant for purposes of this 
application are therefore not discussed herein. 
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0039. The QCN congestion notification technique out 
lined above is illustrative and by way of example only, and 
any convenient technique for one network Switch to signal 
another network Switch regarding quantized levels of net 
work congestion can be used. 
0040. When the network switch 100 receives a congestion 
notification from the network switch 310, indicating conges 
tion on link 160 has occurred or has increased, the network 
switch 100 responds by decreasing the data flow rate across 
the network. The network switch 100 can also adapt the 
compression technique responsive to the congestion notifica 
tion, to attempt to decrease end-to-end latency. By requesting 
higher compression of the data stream, so that the same 
uncompressed input can traverse the network in less time. 
0041. Similarly, when the network switch 100 receives a 
congestion notification from the network switch 310, indicat 
ing that the congestion on link 160 has cleared or decreased, 
then the network switch 100 can respond by increasing the 
data flow rate across the network. In that situation, the net 
work Switch 100 can also adapt the compression technique 
used on the link 160 responsive to the congestion notification, 
to attempt to decrease end-to-end latency by requesting less 
compression or even Suspending compression of the data 
Stream. 

0042. How the network switch 100 adapts the compres 
sion technique can depend on the compression technique 
used. Some compression techniques, e.g., the JPEG tech 
nique commonly used on still images, are considered lossy 
compression techniques, i.e., some of the original data is lost 
when compressed and cannot be recreated when the com 
pressed data stream is decompressed. Because the compres 
sion technique is used in a data communication application, 
the compression technique chosen is preferably a lossless 
data compression technique; i.e., a compression technique 
that allows for decompression of the original uncompressed 
content without the loss of any of the source data. 
0043. In one embodiment, described in more detail below, 
the network switch 100 employs a form of Liv-Zempel com 
pression, such as a Liv-Zempel-Oberhumer (LZO) compres 
sion technique, that is designed to allow fast compression and 
decompression that can be performed entirely in hardware in 
a compression engine of the core logic 120, trading compres 
sion ratio (the difference in the size of the compressed data 
stream and the size of the uncompressed data stream) for 
speed of compression and decompression. There are numer 
ous LZO compression techniques. In one embodiment, the 
network switches 100 and 310 implement a McLZO com 
pression and decompression technique. The use of McLZO 
compression and decompression techniques is illustrative 
and by way of example only, and any convenient compression 
technique that provides for lossless compression and decom 
pression at wire speeds can be used. Preferably, the compres 
sion technique is implemented in hardware, to maximize the 
compression and decompression speed. 
0044 Before discussing how the disclosed embodiments 
adapt the compression based on congestion, a brief overview 
of how McLZO compression and decompression works may 
be useful. 
0045 McLZO is a block compression algorithm, i.e., it 
compresses and decompresses a block of data at a time, rather 
than one byte at a time. The block size must be the same for 
compression and decompression. McLZO compresses a 
block of data into matches, using a sliding dictionary, and 
runs of non-matching literals. The technique produces a good 
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compression ratio (the ratio between the uncompressed and 
compressed data) on highly redundant data and deals accept 
ably with non-compressible data, only expanding uncom 
pressible data by a maximum of /64th of the original size 
when measured over a block size of at least 1 kB. 
0046. The McLZO concept is to find repeating strings in a 
data stream, replacing later occurrences of the String with a 
distance and length vector that points to the previous occur 
rence of the string in the original input data. Because the 
distance and length vector are Smaller than the string that it 
replaces, the string is compressed by the difference between 
the size of the original string and the size of the distance and 
length vector. If the distance field is at least one byte long and 
the length field is at least one byte long, then the smallest 
string that can be compressed is 3 bytes long, as the result is 
a two-byte {distance, length} code. For example, consider the 
following data streams (where the first byte transmitted is at 
the left): 

Example 1 

0047 a b c de fgxy Zab c 1 m n 
0048 could be replaced with: 
0049 a b c de fgxy Z. {103} 1 m in 
0050 where {103} indicates that the same 3 byte pattern 
occurred 10 bytes earlier in the data stream. 

Example 2 

0051 a b c d a b c d a b c d 
(0052 could be replaced with: 
0053 a b c d {4,8} 
0054. In this example, the length field is longer than the 
distance field, indicating that the pattern repeats from the start 
after every four bytes. 

Example 3 

0055 a aaaaaaaaaaa 
0056 could be replaced with: a {1,11} 

Example 4 

0057 a bab a bab a b c d 
0058 could be replaced by 
10059) ab {2,8} cd 
0060. In certain situations, a pattern may have occurred 
multiple times, and may have repeated in variable lengths. For 
example, 
0061 a b c de fgh i de fgh a b c de fgh i 
0062 could be replaced by 
0063 a b c de fgh i{6,5} {14,3} {8,5}i 
0064 or 
0065 a b c de fgh i{6,5} {14,9} 
0066. Both solutions are correct but the second one results 
in better compression. 
0067. The distance and length vector typically comprises a 
match code word. The decompression technique finds the 
match codes, reads the location that is pointed to by the 
distance field, and then reads the number ofbytes indicated by 
the length field. The decompression logic needs a way of 
identifying whether a particular byte is part of a literal (un 
compressed) data, or is part of a match code word. In addition, 
code words can be inserted into the byte pattern to help the 
decompression logic determine the string boundaries. Pref 
erably, the decompression technique checks for data corrup 
tion to Verify that the data after compression and decompres 
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sion actually matches the original data by including an error 
checking code, Such as a cyclic redundancy check (CRC), in 
the data stream. For example, 
0068 a b c de fgh i de fgh a b c de fgh i 
0069 could be replaced by 
0070) {19} a b c de fghi (m6,5}{m 14.3}{m8,5} {11} i 
(0071 where {19} indicates that there are 9 literal bytes 
following the literal code word, and mé,5} indicates a match 
code word with distance 6 and length 5. 
0072 The format for the various code words described 
below is illustrative and by way of example only, and any 
desired format for the code words can be used. 
0073. In one embodiment, illustrated in FIGS.5-7, a prefix 
value in the code word indicates the type of code word that 
follows. In FIG. 5, a start of segment code word 500 is a 
two-byte String that indicates the start of a data segment. The 
first field of all packets or segments of a packet in a data 
stream according to this embodiment start with this code. A 
data stream can be a frame or any set of bytes which are to be 
compressed as a unit. The V bits indicate a version number of 
the compressor, to allow the decompressor to handle differ 
ences in the compression based on the compressor version. 
The C bit indicates whether the data transmitted in the current 
segment contains a CRC on the uncompressed data at the end. 
The E field indicates whether this segment is the last segment 
for the stream sent to the compressor. It is useful when the size 
of the data stream sent to the compressor is larger than what 
can be enumerated in the Uncompressed Data Size field 505. 
The Uncompressed Data Size 505 is the size of the segment 
before compression and allows determining how much buff 
ering the uncompressed data will take before the decompres 
sion is done. 
0074 An End of Segment code word 510 is used to mark 
the end of a data segment can also signal the end of the packet 
Or EOP. 
0075 Turning to FIG. 6, two forms of a Literal code word 
are illustrated. Literal code word 600 allows indicating that a 
string of length 1-32 bytes follows, and Literal code word 610 
allows indicating that a string of length 1-2KB follows. In 
either code word, the length field 605 or 615 is expressed as 
the actual length minus one, because a Zero length literal field 
is not allowed. A prefix 602 or 612 allows distinguishing 
between the two forms of a literal code word. 

0076 FIG. 7 illustrates three forms of a Match code word. 
In form 700, a single Match code byte includes the distance 
field 702 and length field 704, where the distance field 702 
can point backwards in the data stream by up to 64 bytes, and 
the length field 702 can indicate a length of 3 or 4 bytes. In 
two-byte form 710, a longer distance field 712 allows for 
specifying a matching string up to 4096 bytes away in the data 
stream, but only allows for a 3-6 byte matching string. Three 
byte form 720 also allows for a distance field 722 indicating 
the matching string is up to 4096 bytes away and a length field 
724 allowing a matching length of between 3 and 258 bytes. 
All three forms of the match code word can be distinguished 
by unique prefix bits 701, 711, and 721. 
0077. In addition to the McLZO compression described 
above, an entropy encoding, Such as Huffman encoding, can 
be used to increase the compression ratio of the data stream. 
An entropy encoding technique tries to exploit the fact that 
certain encodings of a byte occur more often than others. For 
example, in an ASCII file the encodings that correspond to 
certain characters occur more often. Commonly occurring 
bytes can be represented by fewer than 8 bits, and less fre 
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quently occurring bytes can be represented by more bits than 
the commonly occurring bytes. However, since the com 
monly occurring bytes occur more often, the overall result is 
a compressed data stream. 
0078 Huffman encoding can use a preloaded library or a 
calculated library of most commonly occurring encodings. 
The library indicates which encodings happen more often 
than others and assigns the Smallest number of bit represen 
tation to the most commonly occurring encoding. In one 
embodiment, a predetermined library is used. In another 
embodiment, a calculated library technique analyzes the cur 
rent data to find which encodings happen most often, and then 
transmits the calculated library along with the data so that the 
destination can use it. Both the Source and destination must 
have the same library in order to correctly encode and decode 
the data, and in a calculated library embodiment, the calcu 
lated library is typically transmitted at the beginning of the 
encoded data. 

0079. In one embodiment, the network switch 100 can 
transmit the data stream across the link 160 uncompressed, 
compressed by the McLZO technique, and compressed by 
both the McLZO technique and Huffman encoding, depend 
ing on the congestion of the network. If the network is uncon 
gested, then the network Switch can transmit the data stream 
uncompressed. If the network switch 100 receives a flow 
control indication of network congestion, then the network 
Switch can transmit the data compressed. If multiple quan 
tized levels of network congestion are distinguishable, the 
network switch 100 can use McLZO compression at lower 
congestion levels, and at higher congestion levels, the net 
work Switch can also include Huffman encoding, in addition 
to the McLZO compression, all to vary the resulting compres 
sion ratio responsive to the quantized level of network con 
gestion. The Huffman encoding can potentially compress the 
bytes that contain the code words described above, in addition 
to the literal strings that remain in the data stream after the 
McLZO compression. In another embodiment, the network 
switch 100 can further change vary the compression ratio 
responsive to the quantized congestion level information by 
changing aspects of the compression technique, such as the 
way in which the length of the matching string is determined, 
as described below. Thus, compression of the data stream by 
the network switch 100 varies generally proportionally with 
the level of congestion of the network. 
0080 Turning now to FIG. 8, a block diagram illustrates 
one embodiment of a compression engine logic 800 con 
tained in the core logic 120 for compressing a transmitted data 
stream 805. The compression engine 800 is part of the core 
logic 120 of FIG.1. The data stream 805 is received by a hash 
logic 810 and a cyclic redundancy check (CRC) logic 820, 
which adds data to the end of the data segment for error 
detection, before passing the additional data to the hash logic 
810. The hash logic 810 then performs a hash function on the 
data stream in three bytes chunks, as described below, on 
portions of the data stream 805. The hash logic 810 then 
passes the hash values to both a write hash table logic 830, 
which adds those values to a hash table memory 850, and to a 
read hash table logic 840, which attempts to match three-byte 
strings to previously identified three-byte Strings. The data 
stream then passes to the encoder logic 860, which inserts 
match code words 700, 710, or 720 and literal code words 600 
or 610 as appropriate, before putting the compressed data 
stream in a FIFO buffer 870. Compressed data is then pulled 
from the FIFO buffer 870 into RAM 880 for transmission 
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over the link 160. As indicated by the dashed line in FIG. 8, 
when no compression is to be performed, for example when 
the network is uncongested, then the Read Hash Table logic 
840 is bypassed, but the hashing and writing to the hash table 
functions are still performed. The hash logic 810, the read 
hash table logic 840, the write hash table logic 830, and the 
hash table memory comprise a matching logic for the com 
pression engine 800. 
0081. In another embodiment, the compression engine 
800 illustrated in FIG. 9 additionally uses a history buffer 
FIFO 900 as part of the matching logic in the compression of 
the data. The history buffer 900 allows potentially better 
compression of the data stream 805, as described below. 
0082 Consider the following data stream: 
I0083 (ABCDEFGHIJKLEFGPQABCDEFGHIJXYZ} 
0084. The compression achieved in the embodiment of 
FIG. 8, without the history buffer 900, is 
I0085 (A B C D EFG H IJ K L 8.3 PQ 17.49.3 
17,3XYZ} 
I0086. The compression achieved in the embodiment of 
FIG.9, with history buffer 900, is 
I0087. (A B C D EFG H IJ K L (8.3 PQ 17,10 XYZ} 
0088. The three match code words of the FIG. 8 embodi 
ment (17.4, 9.3, 17.3) are combined in the FIG. 9 
embodiment into a single match code word 17.10. In one 
embodiment, where all of the match code words in the FIG. 8 
embodiment are 2-byte match code words as discussed above 
regarding FIG. 7, even if the match code word of the FIG. 9 
embodiment is a 3-byte match code word, the resulting com 
pressed string is shorter by three bytes. 
0089. Thus, in one embodiment, the network switch 100 
can adapt the compression technique by enabling or disabling 
the use of the history buffer 900 to vary the compression ratio 
responsive to a quantized level of network congestion. If the 
history buffer 900 is enabled, in a further embodiment, the 
compression technique can adaptively select all or a portion 
of the history buffer as available for use. By using less than the 
entire history buffer, the compression technique lessens the 
potential for a match, because less of the input data is avail 
able for matching. Therefore, at a first congestion level, a first 
portion of the available history buffer 900 can be used, and at 
a second congestion level, a second portion of the available 
history buffer 900 can be used. If the first portion is smaller 
than the second portion, then less compression is potentially 
achievable. In such an embodiment, the higher the congestion 
level, the greater the portion of the available history buffer 
that is used, to increase the potential for compression of the 
data stream. 
0090. A further embodiment of the encoding logic 860 can 
increase the compression at even higher congestion levels by 
enabling an entropy encoding. Such as Huffman encoding, to 
compress the data stream further, including the literal and 
match code words inserted by the encoder logic 860. 
0091) If the compression encoding described above is 
repeated, the compression ratio is also increased in a typical 
data stream. In one embodiment the compression engine 800 
can perform multiple iterations of the compression encoding 
described above responsive to the quantized level of network 
congestion, thus further varying the compression ratio 
responsive to that quantized level of network congestion. 
0092 FIG. 10 is a timing chart illustrating how one 
embodiment of the compression technique overlaps process 
ing to improve latency of the compression. In Cycle 1, the 
data stream is hashed by the hash logic 810 and a CRC is 
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calculated by the CRC logic 820. Then in cycle 2, the Read 
Hash logic 840 reads the hashes computed from the hashtable 
and determines whether any matches are found in Cycle 3. 
Also in Cycle 3, the Write Hash logic 830 writes the hash 
values calculated in Cycle 1 to the hash table 850, and in the 
embodiment with the history FIFO buffer 900, writes the 
corresponding uncompressed data to the history buffer 900. 
Then in Cycle 4, the Encoder logic generates the necessary 
code words and inserts them into the transmission FIFO 870. 
Finally, in Cycle n, when the FIFO 870 has accumulated 8 
bytes of output data, it drives the output data into RAM 880 
for transmission on link 160. 
0093. We now turn to the hashing technique in more detail. 
In one embodiment, at the beginning of a data stream, a 
location pointer into the history buffer is initialized to 0, and 
then incremented per byte of Successive data in the data 
stream 805. For the current byte being processed, a hash over 
that byte and the next 2 bytes is calculated. Alternately, the 
hash value can be calculated over the current byte and the two 
previous bytes in the data stream 805. The hash is used as an 
address to the hash table memory 850, and the location 
pointer along with a valid bit is written as a hash table entry. 
For every subsequent byte, the hash location in the hash table 
memory 850 is read to determine whether that hash was seen 
before in the same data stream. If it was, then the location 
pointer into the history buffer 900 is used as the address into 
the history buffer 900 to read the contents at that location. If 
the data stored at that location matches the current pattern, 
then the difference between the current location pointer and 
the stored location pointer is calculated as the distance vector. 
Since the hash is calculated over 3 bytes of data, the initial 
length will be 3. The hash is calculated over 3 bytes because 
the distance and length vectors typically take 2 bytes to rep 
resent, so any repeating pattern of length 2 bytes typically 
does not result in any compression. 
(0094. Once a match is found in the history buffer 900, the 
subsequent locations of the history buffer 900 are read to see 
if the match extends beyond 3 bytes. If it does, then the length 
vector is incremented. If it does not, then the hash is calcu 
lated and checked again as before. 

EXAMPLES 

Example 1 

(0095 a b c de fgxy Zab c 1 m in 
(0096. The contents of the history buffer and hash table 
after 10 bytes is: 

hash location. In the next cycle, the hash H{abc} is calculated 
and then that location is read. 
0109 The data at location (v.0) indicates that the same 
hash occurred before at location pointer 0. Therefore, the 
history buffer location 0 is read. Since the first byte matches 
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(a), the next two locations are read, finding (b,c) which also 
match. Meanwhile, the hash table is updated with the new 
entries. Now, when byte 1 occurs in the data stream, the hash 
H{bcl} location indicates not valid, therefore the match is 
only a 3 byte match, and the distance is Current byte position 
O=Current byte position. In another embodiment, such as the 
embodiment of FIG. 8, where no history buffer is available, 
instead of a pointer to the history buffer, the hash table entry 
can contain a copy of at least a portion of the data used to 
calculate the hash value, which is used for matching the 
incoming data string. 
0110 Considering the logic blocks of FIGS. 8 and 9 in 
more detail, the hash logic 810 in one embodiment takes a 
window of 8-byte chunks of input data and computes a 10-bit 
hash value for each 3 bytes of input data, resulting in 8 hash 
codes in a single clock cycle. As illustrated in FIG. 11, the 
hash logic 810 in one embodiment computes a hash value 
based on the current byte and the previous two bytes. Thus for 
example, if the data received in Clock 0 is x, y, Z, -, -, -, -, -} 
(where the “-” indicates bytes of no interest, and the data 
received in Clock 1 is {h, g, f, h, d, c, b, a, then, the 8 hashes 
computed in clock 1 are as follows: 
0111 hash 0-Fn(a, x, y) 
0112 hash 1=Fn(b,a, x} 
0113 hash2=Fn(c, b, a 
0114 hash3=Fn(d, c, b} 
0115 hash4=Fn(e, d. c. 
0116 hash;5=Fn(f.e., d. 
0117 hash6–Fn(g, f, e} 
0118 hash 7=Fn(h.g., f: 
0119 The hashes computed are passed to the Read Hash 
Table logic 830 and the Write Hash Table logic 820 along with 
a valid indication. At the end of the packet (EOP), a CRC is 
appended by the CRC logic 820 and a hash is computed on the 
CRC as if it were part of the original input data stream 805. 
0120 If the data EOP does not align with a 64-bit bound 
ary, the CRC appending is done slightly differently. For 
example, if the data received in the last clock before the EOP 
is {-, -, -, -, w, x, y, z), then the CRC is computed in the same 
clock from the previous 8 bytes {a,b,c,d,e, f,g,h. Then the 
data for hash computation in the last 2 clocks from the Hash 
logic 810 would be: 
I0121) {a, b, c, d, w, x, y, z} 
I0122) {a, b, c, d, e, f, g, h 
0123. The hash valid bits will be sent accordingly to Read 
Hash Table logic 840 and Write Hash Table logic 830. Once 
the EOP is received and after the CRC hash is sent, the Hash 
logic 810 will generate a reset pulse to reset the valid bits in 
the hash tables 850. The EOP given out from the hash logic 
810 will thus include the CRC/Parity bytes. 
(0.124. The hash logic 810 informs the Read Hash Table 
logic 840 about the last data and bytes valid. 
(0.125. In one embodiment, the history buffer 900 is a 64-bit 
wide 512-entry buffer. Each hash table comprises eight 27-bit 
wide entries, and the hash table memory 850 can store 1024 
hash tables. The hash logic 810 maintains a 12-bit counter to 
count 4KB blocks and to compute the History Buffer Address 
and reset the Hash Table memory 850 at 4KB boundaries. 
0126. In an embodiment in which no history buffer 900 is 
available or in which the history buffer has been disabled 
responsive to quantized level of network congestion, the Hash 
logic 810 behaves the same as in embodiments in which the 
history buffer 900 is available and enabled. In that embodi 
ment, the Hash Write logic 830 writes an index into the hash 
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table entries that simulates an offset into the history buffer. 
When determining the length of the matched string, the read 
hash logic 840 uses the index values themselves to determine 
the matched length. As each new byte is processed, if the 
value in the hash table entry is either invalid (indicating a 
match has never been seen) or is not incremented by 1 from 
the previous hash table entry, then the match terminates. 
Thus, in an embodiment such as is illustrated in FIG. 8, with 
no history buffer, the previous example uncompressed data 
Stream: 

I0127 (ABCDEFGHIJKLEFGPQABCDEFGHIJXYZ} 
I0128 matches the second occurrence of the string “EFG. 
replacing it with {8,3}, but because the hash table entries for 
“EFG' are overwritten to point to the most recent occurrence 
of that string, the hash table value for “EFG” is not incre 
mented sequentially from the hash table entry for "DEF" and 
will limit the match to 'ABCD, resulting in the compression 
I0129 (A B C D EFG H IJ K L 8.3 PQ 17.4 (9.3 
17,3XYZ} 
0.130 as described above. Thus, the embodiment of FIG.9 
can achieve a higher compression ratio than the embodiment 
of FIG. 8. 
0.131. In one embodiment, the hash function is illustrated 
in FIG. 14 and XORs the 24 bits of the input data to produce 
a 10-bit hash value as follows: 

0.134 H2=D2 D17 
0.135 H3=D3D10 D18 

0.137 H5=D12D19 

0.141. H9=D7D15D23 
0142. The 10-bit result is then used as an index into the 
hash tables 850. 
0143. The CRC logic 820 in one embodiment calculates 
parity of all the incoming bits and gives the result to HASH 
logic 810 in the next clock cycle, as follows: 
0.144 cre new-cre old data in 
0145. In another embodiment, the CRC block 820 gener 
ates the 4-byte CRC used for Ethernet MAC packets. 
0146 The write hash logic 830 according to one embodi 
ment registers the data, hash, and valid bits to adjust the 
latency as shown in FIG. 13. 
0147 Each of the 8 hash values are used to create a hash 
table entry. In one embodiment, only 14 bits of the 24 data bits 
used for hashing are extracted to be written into the respective 
hash table of the hash table memory 850 indicated by the 
10-bit value calculated by the hash logic 810. The write hash 
logic then concatenates the 14 data bits, the 12-bit address 
into the history buffer 900 of the current three input data 
bytes, and a 1-bit valid field, writing the 27-bit entry into Hash 
Table memory 850, for each of the 8 hash values calculated by 
the hash logic 810. The write hash logic 820 then passes the 8 
input data bytes to Encoder logic for further processing. 
(0.148. At EOP the write hash logic 820 writes less than 8 
hashtable entries, only writing into Some hash tables based on 
the data bytes valid signal. 
014.9 The read hash logic 840 receives the hashes com 
puted by the hash logic 810. Each of the 8 hash values 
received is checked for a matchin the hashtables of hashtable 
memory 850. When a match is found, the read hash logic 840 
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indicates that to Encoder logic 860, indicating the number of 
bytes matched. The minimum match length needs to be 3 
bytes. As illustrated in FIG. 12, at most three non-overlapping 
matches can be foundina single clock cycle in the 8 bytes that 
were hashed by the hash logic 810, including a match with the 
last two bytes of the previous clock cycle. The read hash logic 
840 can indicate all three matches to the encoder logic 860. 
0150. The above description has been written with a win 
dow size of 8 bytes of data for hashing and encoding. The 
window size is illustrative and by way of example only, and 
other window sizes can be used. In one embodiment, the 
compression engine 800 can vary the window size to vary the 
compression ratio responsive to the congestion level of the 
network 300. In such an embodiment, the hash logic 810, the 
write hash table logic 830, the read hash table logic 840, and 
the encoder 860 can be configured to select a window size of 
less than 8 bytes for hashing the data stream and reading and 
writing the hash tables 850. Where the window size is less 
than the full 8 bytes, the write hash table logic 830 inserts 
fewer than 8 hash table entries and the read hash table logic 
840 reads fewer than 8 hash table entries from the hash tables 
850. 

0151. In an embodiment such as the embodiment of FIG. 
8, with no history buffer 900, the match is done with hashes 
and the corresponding input data. In an embodiment such as 
the embodiment of FIG. 9, where a history buffer 900 is 
available, the match is identified by the read hash logic 840 
and data matching but the length of the match is determined 
by reading data from the history buffer 900. 
0152. In one embodiment, the network switch 100 can 
select whether to use the history buffer 900 depending on an 
indication received by the core logic 120 of congestion of the 
network 300, enabling use of the history buffer 900 at higher 
congestion levels, and disabling the history buffer 900 at 
lower congestion levels. In a further embodiment, the com 
pression engine 800 can adaptively select how much of the 
available history buffer 900 to use, based on the congestion 
level. By varying the effective size of the history buffer, the 
compression engine 800 can vary the compression ratio of the 
data stream. A larger effective size of the history buffer 900 
allows an increased potential for compressing of the data 
stream. In such an embodiment, if the effective size of the 
history buffer 900 is decreased, then hash table entries in the 
hash tables 850 that point to locations no longer in the effec 
tive size of the history buffer are marked as invalid. 
0153. The Encoder logic 860 is responsible for the inser 
tion of literal and match code words into the output data 
stream, replacing the compressed input data when inserting 
the match code words. The encoder logic 860 writes the 
uncompressed data received from the write hash table logic 
8308 bytes at a time into a 4KB private RAM 865 with a gap 
for a literal code word at the beginning. Once the first match 
is found, the length of the uncompressed string is written into 
a Literal code word in that gap. Once a match indication is 
received from the Read Hash Table logic 840, the encoder 
logic 860 stops writing the data received from the Write Hash 
Table logic until the dist, length vector is specified from the 
Read Hash Table logic 840. Then the encoder logic 860 
updates the match code into the private RAM 865. The 
encoder logic also rotates and adjusts the input data to fit 
correctly after any of the match code words if the match 
length is not a multiple of 8 bytes. 
0154) In one embodiment, the encoder logic 860 can selec 

tively enable or disable an entropy encoding technique. Such 
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as Huffman encoding, selectively increasing or decreasing, 
respectively, compression of the output data stream, includ 
ing the code words described above, responsive to the net 
work congestion level. 
(O155 The FIFO logic 870 orients the data back into a 
64-byte buffer and in one embodiment is implemented as a 
multi-byte input and 8-byte output FIFO. The FIFO buffer 
used by the FIFO logic 870 has a depth of 16 bytes. The FIFO 
logic 870 waits for 8 bytes to accumulate, then drives the data 
into the RAM logic 880. 
0156 The RAM logic 880 stores the output data until the 

first match is received. Once the first match is received and the 
match code is updated, data is ready to be sent out. If no match 
is found, then the RAM logic sends out the data when 4KB of 
data (the maximum length of a segment) or EOP is received. 
(O157 For example, if the network switch 100 is notified by 
a QCN congestion message that network congestion has 
decreased, the compression engine 800 can restrict the win 
dow size to 2 bytes, resulting in a lower level of compression. 
Similarly, if the network switch 100 is notified by a QCN 
congestion message that network congestion has increased, 
the compression engine 800 can increase the window size 
from 2 to a larger window size, depending on the amount of 
increase of congestion, to attempt to achieve a higher level of 
compression. 
0158 Turning back to FIG.3, we now consider the decom 
pression by the network switch 310 of the data compressed by 
the network switch 100. As with the compression, the decom 
pression should be done at line rate in hardware. Preferably, 
the decompression should be implemented in a pipelined 
fashion and the latency of the logic should be kept at a mini 
mum. Preferably, the decompression logic is capable of a 40 
Gb rate, but 10 Gb rate can be acceptable in some embodi 
ments. In one embodiment, the decompression logic Supports 
a bypass mode in which the input data can be passed directly 
to output with no or minimal latency when the input data is 
not compressed. If the compression technique used by the 
network switch 100 included a CRC data, then the CRC 
added by compression should be stripped off. If a CRC error 
is found, then the decompression logic should indicate the 
SaC. 

0159. In one embodiment, a decompression logic 1500 is 
illustrated in FIG. 15. A multi-byte output block (MBO) 1510 
receives 8 bytes of input data across a 64-bit data interface 
into a FIFO buffer. The output from the MBO 1510 is an 
8-byte wide output interface, with a signal indicating how 
many of the 8 bytes are valid. The MBO 1510 aligns the input 
data to an 8-byte boundary based on the different byte reads 
requested. 
(0160. A history buffer 1520 allows for processing the 
match codes in the data stream. In one embodiment, the 
history buffer 1520 has a capacity of 4KB, which matches the 
maximum block size in compression encoder. The data width 
of the buffer 1520 is 64 bits with a buffer depth of 512 entries. 
(0161 A Multi Byte Input FIFO (MBI) 1540 buffers output 
from the decompression logic 1500. The MBI 1540 provides 
1 to 8 bytes of data with a signal indicating the number of 
valid bytes. Whenever there is 8 bytes of data available, the 
MBI sends it out on its output interface. Ifless than 8 bytes are 
available and the data is EOP, then the data is sent out with an 
EOP signal and the number of bytes specified. The MBI can 
accept data input with various byte widths and aligns them 
into 8-byte boundary. 
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0162 The decoder 1530 is the main decompression engine 
of the decompression logic 1500. The decoder 1530 is 
responsible for stripping of literal and match code words. 
After stripping a literal code word, the following data is 
written to the MBI 1540 and into the history buffer 1520. The 
decoder in one embodiment is implemented as a state 
machine, as described in more detail below. Based on the 
literal code, the state machine of the decoder 1530 first reads 
only data bytes from the MBO 1510 and writes them into the 
history buffer 1520 and the MBI 1540. After that, it pre 
fetches the match code and reads the whole match code. 
Based on the match code, data is read from the history buffer 
1520 and written back in the new location of the history buffer 
1520 and to the MBI 1540. After all the data for a code word 
is process, the decoder reads the next match or literal code 
word and repeats the above steps until an EOP indication is 
received. On EOP, the last set of data bytes are written into 
MBI 1540 and indicated as an EOP. The Start of Segment and 
End of Segment code words 500 and 510 are only for decod 
er's internal consumption. The End of Segment code word 
510 should be used to indicate EOP if the current section is the 
last section of the packet. 
0163 The decompression logic 1500 does not need to 
adapt to the level of McLZO compression performed by the 
compression logic 800. In some embodiments, where an 
entropy encoding Such as Huffman encoding is used for addi 
tional compression at Some congestion levels, the decompres 
sion logic 1500 can detect the presence of entropy encoding 
and decode the entropy encoded data stream prior to decom 
pressing the McLZO-compressed data. In embodiments were 
a calculated entropy encoding library is used, the decompres 
sion logic 1500 can recognize the calculated library that is 
sent from the compression engine 800 of the network switch 
100 and use that calculated library for decoding. A bypass 
mode can be provided that bypasses decompression when the 
input data stream is not compressed. 
(0164. The CRC logic 1550 calculates the CRC over the 
64-bit data received from the MBI 1540 and indicates with an 
error signal if the CRC/Parity does not match. 
0165. In another embodiment, illustrated in FIG. 16, 
instead of the decoder 1530 writing data to the MBI 1540, an 
output block 1600 pulls the output data from the history 
buffer 1520. 

(0166 In both FIGS. 15 and 16, the dashed line indicates 
the data path when no match code words are found in the input 
data stream. 

0167 FIG. 17 is a higher-level view of the decompression 
logic 1500 as a single logic block 1700. The data in line 
provides 8-byte wide input data to the decompression logic 
block 1700, which decompresses the data and outputs the 
decompressed data on the data outline. A bytes valid inline 
indicates how many of the 8 input bytes are valid, and a 
bytes valid line indicates how many of the 8 output bytes are 
valid. Other lines provide other useful signals to and from the 
decompression logic block 1700, including EOP. 
(0168 FIG. 18 illustrates a state machine 1800 for the 
decoder 1520 according to one embodiment. 
(0169. The state machine 1800 begins in the IDLE state 
1840. In this state, the state machine waits for the MBO 1510 
to de-assert the empty signal. Once the empty signal is de 
asserted, the state machine moves to ReadSOS state 1810. 
(0170. In the ReadSOS state 1810, the decoder reads and 
analyzes a Start of Segment code. Based on the Start of 
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Segment code, the length of the uncompressed data to be read 
is determined. The state machine 1800 then transits to the 
Read UData State 1820. 
0171 In the ReadUData state 1820, the uncompressed 
data is read from the MBO 1510 and written to the MBI 1540 
and the History buffer 1530 simultaneously, if in the embodi 
ment of FIG. 15; or just to the History buffer 1530, if in the 
embodiment of FIG. 16. Based on the number of bytes read, 
the read data counter is decremented. Once, the data count 
reaches zero, the state changes to the ReadCode state 1830. 
0172. The ReadCode state 1830 reads the next code from 
the MBO 1510. The code can be a match, literal, or End of 
Segment code word. If the code is a literal code, the state 
changes to the ReadUData 1820. If the code is a match code, 
then the state changes to the ReadHData stage 1850; if an end 
of segment code, the decoder 1530 moves to the IDLE state 
1840. If the code is a match code, the distance and length 
counters are updated. 
(0173. In the ReadHData state 1850, the address of the 
History buffer 1520 is calculated and data is read from His 
tory buffer 1520 and pushed to the MBI 1540. The counterfor 
length is decremented while the data transfer is happening. 
The data is also written back into History buffer 1520 at the 
current location. Once the length counter reaches Zero, the 
state changes to the ReadCode state 1830. 
0.174. In conclusion, the described techniques allow a net 
work Switch 100 to compress an output data stream adap 
tively based on indications of network congestion. These 
indications can include simple pause notifications or more 
complex congestion notifications that indicate a quantized 
level of congestion, allowing finer control over the response 
of the network Switch 100. 
0.175. In embodiments where the indications are simple 
pause flow control messages, the compression can be enabled 
upon receipt of the pause message and disabled when the flow 
control mechanism allows data to begin to flow across the 
network. 
0176). In embodiments where multiple levels of compres 
sion can be indicated in congestion messages, when the con 
gestion level increases, the congestion technique can be 
adapted to increase compression. When the congestion level 
decreases, the congestion technique can be adapted to 
decrease compression, or even disable compression alto 
gether. The adaptive compression technique can thus achieve 
a lower end-to-end latency across the network. 
0177. At the receiving network switch, the decompression 
technique can generally decompress the compressed data 
stream at line speed. 
0.178 While certain exemplary embodiments have been 
described in details and shown in the accompanying draw 
ings, it is to be understood that such embodiments are merely 
illustrative of and not devised without departing from the 
basic scope thereof, which is determined by the claims that 
follow. 

We claim: 
1. A compression engine for a network device, comprising: 
a matching logic, adapted to identify a matched string by 

detecting previous instances of a string in a data stream, 
configurable to vary a compression ratio responsive to a 
quantized level of network congestion; and 

an encoding logic, adapted to receive information about the 
matched string from the matching logic and to replace 
the matched string with a shorter string in the data 
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stream, configurable to vary the compression ratio 
responsive to the quantized level of network congestion, 

wherein the compression ratio varies generally proportion 
ally to the quantized level of network congestion. 

2. The compression engine of claim 1, wherein the match 
ing logic comprises: 

a hashing logic, adapted to hash the string, 
wherein the string has a size that is configurable responsive 

to the quantized level of network congestion. 
3. The compression engine of claim 1, wherein the match 

ing logic comprises: 
ahash table memory, configurable responsive to the quan 

tized level of network congestion. 
4. The compression engine of claim 1, wherein the match 

ing logic comprises: 
ahashing logic, adapted to hash the String, configurable to 

hash different size strings responsive to the quantized 
level of network congestion; 

ahash table memory, configurable responsive to the quan 
tized level of network congestion; 

a hash write logic, adapted to store entries into the hash 
table memory responsive to the hashing logic; 

a hash read logic, adapted to read hash table entries from 
the hash table memory responsive to the hashing logic 
and to provide matching information to the encoding 
logic. 

5. The compression engine of claim 1, wherein the match 
ing logic matches strings of a length that varies responsive to 
the quantized level of network congestion. 

6. The compression engine of claim 1, wherein the match 
ing logic comprises: 

a history buffer, configurable to allow use of a variable 
portion of the history buffer responsive to the quantized 
level of network congestion. 

7. The compression engine of claim 1, wherein the match 
ing logic comprises: 

a hashing logic, adapted to hash the string; 
a hash table memory; 
a history buffer, configurable responsive to the quantized 

level of network congestion, 
a hash write logic, adapted to store entries into the hash 

table memory responsive to the hashing logic and to 
store the string into the history buffer; and 

a hash read logic, adapted to read hash table entries from 
the hash table memory responsive to the hashing logic, 
to read strings from the history buffer, and to provide 
matching information to the encoding logic. 

8. The compression engine of claim 1, wherein the encod 
ing logic is further adapted to performan entropy encoding of 
the compressed data stream, responsive to the quantized level 
of network congestion. 

9. The compression engine of claim 8, wherein the entropy 
encoding is Huffman encoding. 

10. The compression engine of claim 1, wherein the com 
pression engine produces a Liv-Zempel-Oberhumer com 
pressed data stream. 

11. The compression engine of claim 1, wherein the match 
ing logic and the encoding logic repetitively compress the 
data stream for a number of repetitions, determined respon 
sive to the quantized level of network congestion. 

12. A method of compressing a data stream in a network 
device, comprising: 

receiving an indication of a quantized level of network 
congestion; and 
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configuring a compression engine to vary a compression 
ratio responsive to the quantized level of network con 
gestion. 

13. The method of claim 12, wherein receiving an indica 
tion of a level of network congestion comprises: 

receiving a message indicating the quantized level of net 
work congestion; and 

providing the quantized level of network congestion to the 
compression engine. 

14. The method of claim 12, wherein configuring the com 
pression engine comprises: 

enabling and disabling the use of a history table for match 
ing strings in the data stream responsive to the quantized 
level of network congestion; 

15. The method of claim 12, wherein configuring the com 
pression engine comprises: 

configuring a variable portion of a history table as available 
for matching strings in the data stream responsive to the 
quantized level of network congestion. 

16. The method of claim 12, wherein configuring the com 
pression engine comprises: 

hashing a plurality of strings in the data stream; 
matching each of the plurality of strings against entries in 

a hash table responsive to hashing the plurality of 
Strings: 

writing hash table entries responsive to hashing the plural 
ity of Strings, 

wherein each of the plurality of strings has a length, the 
length configured responsive to the quantized level of 
network congestion. 

17. The method of claim 12, wherein configuring a com 
pression engine comprises: 

enabling or disabling an entropy encoding of the data 
stream responsive to the quantized level of network con 
gestion. 

18. The method of claim 12, wherein configuring a com 
pression engine comprises: 

configuring a variable portion of a hash table memory as 
available for storing hash table entries responsive to the 
quantized level of network congestion. 

19. The method of claim 12, wherein configuring a com 
pression engine comprises: 

repetitively compressing the data stream for a number of 
repetitions determined responsive to the quantized level 
of network congestion. 

20. A network device, comprising: 
a host interface logic; 
a core logic coupled to the host interface logic, comprising: 

a congestion recognition logic; 
a compression engine, coupled to the congestion recog 

nition logic configurable to vary a data compression 
ratio responsive to the quantized level of network 
congestion, 

a media access control logic coupled to the core logic; and 
a serializer-deserializer logic, coupled to the media access 

control logic, 
wherein the compression ratio varies generally proportion 

ally to the quantized level of network congestion. 
21. The network device of claim 20, wherein the compres 

sion engine comprises: 
a matching logic, adapted to identify a matched string by 

detecting previous instances of a string in a data stream, 
configurable to vary a compression ratio responsive to 
the quantized level of network congestion; and 
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an encoding logic, adapted to receive information about the 
matched string from the matching logic and to replace a 
matched string with a shorter string in the data stream, 
configurable to vary the compression ratio responsive to 
the quantized level of network congestion. 

22. The network device of claim 21, wherein the matching 
logic comprises: 

ahashing logic, adapted to hash the String, configurable to 
hash different size strings responsive to the quantized 
level of network congestion. 

23. The network device of claim 21, wherein the matching 
logic comprises: 

ahash table memory, configurable responsive to the quan 
tized level of network congestion. 

24. The network device of claim 21, wherein the matching 
logic matches strings of a length that is responsive to the 
quantized level of network congestion. 

25. The network device of claim 21, wherein the matching 
logic comprises: 

a history buffer, configurable to allow use of a variable 
portion of the history buffer responsive to the quantized 
level of network congestion. 

26. The network device of claim 20, wherein the compres 
sion engine comprises: 

ahashing logic, adapted to hash the String, configurable to 
hash different size strings responsive to the quantized 
level of network congestion; 

ahash table memory, configurable responsive to the quan 
tized level of network congestion; 

a hash write logic, adapted to store entries into the hash 
table memory responsive to the hashing logic; 

a hash read logic, adapted to read hash table entries from 
the hash table memory responsive to the hashing logic an 
encoding logic, adapted to receive matching information 
from the hash read logic, and adapted to replace a 
matched string with a shorter string in the data stream, 
configurable to vary a compression ratio responsive to 
the quantized level of network congestion. 

27. The network device of claim 20, wherein the matching 
logic comprises: 

a hashing logic, adapted to hash the string; 
a hash table memory; 
a history buffer wherein a usable area of the history buffer 

is configurable responsive to the quantized level of net 
work congestion, 

a hash write logic, adapted to store entries into the hash 
table memory responsive to the hashing logic and to 
store the string into the history buffer; and 

a hash read logic, adapted to read hash table entries from 
the hash table memory responsive to the hashing logic, 
to read strings from the history buffer, and to provide 
matching information to the encoding logic. 

28. The network device of claim 20, wherein the encoding 
logic is further adapted to perform an entropy encoding of the 
compressed data stream, responsive to the quantized level of 
network congestion. 

29. The network device of claim 28, wherein the entropy 
encoding is Huffman encoding. 

30. The network device of claim 20, where the compres 
sion engine performs a Liv-Zempel-Oberhumer compression 
on the data stream. 
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31. The network device of claim 20, wherein the core logic 
further comprises: 

a decompression engine, adapted to decompress a com 
pressed data stream. 

32. The network device of claim 20, wherein the compres 
sion engine enables and disables compression responsive to 
the quantized level of network congestion. 

33. The network device of claim 20, wherein the compres 
sion engine repetitively compresses the data stream for a 
number of repetitions determined responsive to a quantized 
level of network congestion. 

34. A network device, comprising: 
a compression engine, adapted to vary compression of a 

data stream responsive to a quantized level of network 
congestion. 

35. The network device of claim 34, wherein the compres 
sion engine comprises: 

a matching logic, adapted to identify a matched string by 
detecting previous instances of a string in a data stream; 
and 

an encoding logic, adapted to replace the matched string 
with a shorter string in the data stream, 

wherein the matching logic and the encoding logic are 
configurable to vary the compression ratio of the 
matched string and the shorter string varies responsive to 
a quantized level of network congestion. 

36. The network device of claim 35, wherein the matching 
logic comprises: 

a hashing logic, adapted to hash the string, 
wherein the string has a size that is configurable responsive 

to the quantized level of network congestion. 
37. The network device of claim 35, wherein the matching 

logic comprises: 
a hash table memory, configurable responsive to the quan 

tized level of network congestion. 
38. The network device of claim 35, wherein the matching 

logic comprises: 
a hashing logic, adapted to hash the String, configurable to 

hash different size strings responsive to the quantized 
level of network congestion; 

a hash table memory, configurable responsive to the quan 
tized level of network congestion; 

a hash write logic, adapted to store entries into the hash 
table memory responsive to the hashing logic; 

a hash read logic, adapted to read hash table entries from 
the hash table memory responsive to the hashing logic 
and to provide matching information to the encoding 
logic. 

39. The network device of claim 35, wherein the matching 
logic comprises: 

a history buffer, configurable to allow use of a variable 
portion of the history buffer responsive to the quantized 
level of network congestion. 

40. The network device of claim 35, wherein the encoding 
logic is further adapted to perform an entropy encoding of the 
compressed data stream, responsive to the quantized level of 
network congestion. 

41. The network device of claim 34, wherein the compres 
sion engine repetitively compresses the data stream for a 
number of repetitions determined responsive to the quantized 
level of network congestion. 
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